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An Asynchronous Transfer Mode (ATM)-based distributed virtual tandem switching system is provided in which a hetworic of 
ATM-based devices is combined to create a distributed virtual tandem switch. The system includes an ATM switching network that 
dynamically sets up individual switched virtual connections. The system also includes a trunk interworkihg function (T-IWF) device 
and a cwitralizcd control and signaling interworking function (CS-IWF) device. The trunk interworking function device converts end 
office voice bimks from TDM channels to ATM cells by employing a structured circuit emulation service. The centralized control and 
signaling interworking function device performs call control fiinctioris and interfaces narrowband signaling and broadband signaling for 
call processing and control within the ATM switching network. Conseqiiendy, the ATM based distributed virtual tandem switching system 
replaces a standaad tandem switch in the PSTO 
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ATM-BASED PISTWBUTED VIRTUAL 

5 / CROSS-REF^^ / ^ 

This appHcatidii ciai^^ 
60/083,640 filed on April ^ 

Switching System" to ALLEN et al., the disclosure 6f which is expressly incorporated 
herein by reference in its entirety. 

10 . . . 

BACKGROUND OF THE INVENTION 
. ■• . - 1, Field of the Invention 

The present invention relates . to a telecommunicatioiis ai;chitectu Mpre ! 
particularly, the present invention re^ 
15 public switched telephone network (PSTN). The present iriyeritipn enables 

over an asynchronous transfer mode (kTM) network by rgplaping tamdemf switches with; 
. a distributed virhial tandem switching system that includes a high speed ATM network. 
Ther^ 

distributed virtual tandem switchirig system is functionally equivalent to the fraditional ; 

20 tune division mukiplexed (^ 
2. Background Information 

Withih the ptiblic switched telephone network (PSTN), ah originating caller 
communicates with a destination by establishing a corinection between an end office 
serving the originating caller and an end office serving the destination. Fig. 1 shows the . 

25 architecture of the current PS end office switches 1 pare c»m^^ . 

to each other via tandem tttmk^ groups 12, direct tcunk.grpups 14, or both tandem ttt^ : 
groups 12 anddirectttu^ jEachtnuik wit^ : 

seryice level Q (pSP) (i.e:, 64 kilobits; per secoiid) cominii^^ iliat tr^nism 

. betweeii the isnd offices 10 in a time division. muitiple^^ Wheal an eiid 

30 .. office utilizes a direct tmnk group 14; the conhectibri between.tiie en^ officios lO is without. . 
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■ any intermediaries^ When an end/central office 10 iitiiiMS a tmnK group 12, 'the' 

cdnnectioh between end offices 1 0 is via a tandem iswitch 1 6* ^ 

The tandem switch or office 16 is an intermediate switch or connection, between 
an originating telephone call location and the final destiniation of the call ^ which passes the 
5 call along. Tandem switches are often utilized to handle overflow calls. That is, when all 
paths are busy on $ prjniary route, e.g., the direct interoffice trunk group 14 between: the 
oiiginating and destmati^ 

handle the byerflqw call volume. The tandeiii sw^ catn also fiinction as a physicai 
path to hon-directly-cdnnected offices in add^^^^ 
10 direcdy connected offices. If the overflow route through the tandeni switch 16 becomes 
full, an altemate final route may be provided/ T^^ 
office 1 0, thus employing two interoffice trunk groups 14. 

Sigiialing is ^eed^^ PSTN to establish a connCctibri (i.e.jj setup a 

telephone caU): between a calling party arid a- destina%nf The signaling ena^^^^ 
15 acquisition arid sets tip. call routing^ to pejrfqniu 

= signaling can be transmitted ttirough a^ common w^ the voice data (iii-band 

signaling) or can be transmitted through a dedicated channel (out of band signaling). The 
. dominant signaling protocol currendy in use today is transmitted via the dedicated channel 
and is called Signaling System 7 (SS7). 
20 A conventional connection setup between erid offices 20, 22 in a taridem 

: ■ network is nbw d^scS?^ Pigi, 2 m 3. When a cdling party 19 (e.gi, ! 

235^1:1:11^^^^ 

interprets the dialed digits and routes the call to either a direct intef office trunk group 14 
between end offices 20, 22 or a pair of tanderii office trunk groups 12 and the 

25 correspdndirig tandem switch 16 between end offices 20; 22, Assuming the pair of tandeni 
. office trunk groups 12 arid the coitesjpondihg tandem iswitch 1 6 is Utilized, a tmnk 
each of the; trunk groups 12 rieecjs to be selep|jed and reserved b^^^ 
network. Thus, necessary information isi transniiited from Ae piigin^tiiig end office 20 to 
its associated signaling trsiris^^^ point 18. Although only a siiigie sighaliiig transfer point 

30 : ' is shown in; the figureSj, a network typically includes many signaling transfer points. Thus, 
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eaeh signaling transfer point 18 transfets signaling linkTb anpffier 

signaling link ift the SS7 ne^ 

the transmitted information is in the form of ah ISUP (ISDN user part) message. 
It contains a unique point codey whjc each end office, corresponding 

. to the originating end office poinf codie (ip aiiid the destination (destination 

point code (Di>Q). Be^ tih^taridem office 16, tfie ISUI^ 

message coritains tTiiei; d^^ point code of : the: t^ The m^s$agb also 

contains a circuit ideiitification code (CiC) that cbircjsp.bki^ to the iphysical circuit that will 
be employed to transport the data. Thus, intetofFice thinks are identified by originating 
point code (OPC), destination point code (DPC), and circuit identification code (CIC). 

As Shown in the example illustrated ih Fig. 3; initially an ISUP message is::3e^^ 
containing a DPC eqiial to 246 1 2, an OPC eqiial to: 246 1 1, and a CIC equal to 22. 
Consequently, a circuit will be setup between the priginating end office 20 and the tandem 
office 16i The tapdpm switch 16 receives the SS7 message 

= numlDer, which is embedded in the protbcol/where to rpu call, i.e,, the appropriatib^^ 

7 id^tiiiation erid office 22; Then; via the SS7 network, the call is settip between th^ taii 
switch 1 6; and the appropriate terminating office 22 in a similar manner; Thus, because the ; 

■; tandem office 16 needs to transport the data to the destination end office 22, the tandem : 
office 16 sends kn ISUP message to thfe; ;Signalmg^ to includingi the 

: de$tination end office=s destiiiatiorii point code; i-e.^ 246 1 3^ the tandem. ofiBbe's 
origination point codCj i e.; 2461 2, aiid the;circuit idw^^ ; 
tfib circuit between 16 arid the destihiatioh bffice 20, e.g;, circuit 7. After 

this ISUP message is sent to the signaling transfer point 18, the signaling transfer point 18 
forwards the ISUP message to the destination end office 22 in order to setup the 
connection between the tandem office 16 and the destination office 22 thus reserving the 
circuit. The terminating central office switch 22 receives the SS7 messkge and determines 

. wher^ to termin the pjall by intejqji^^ eitibeddM m ihe protocol. 

A call flow scenario is now desdriibed wjh re to Fig:: 2- ; A^ 1 9 dials the 
telephone nuniber of a destinati^^ 23v Tlieifi^^ end office 20 {^ndpfi the 
digits of tfie called number and checks routing tables to deteitnihe to wftich en^^ dfficp 22 
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the dialed telephone huhiber belongs: Then ^t^^ eiid omice ICTfin^ aT^recf 

trunk group 14 between itself and the end o;ffi^ owning the diaiied telephone number. 
Subsequently, the originating eind office finds an idle trunk within the trunk group 1 4, The 
originating end office 20 selects and reserves the idle trunk of die tninkg^ 14 and 
initiates an SS7 lAiM (initial addre55 message) meissage contaimrig. 
transfer point routing address of the destin^^^ end officii the c^^ telephone number; 
the called telephone number, and the taiiik it> (CIG) for thd selected trunk of the trunk 
group. 

The signaling transfer point 18 receives the lAM message and forwards it to tihe 
destination end office 22, The destination end office 22 then receives the lAM message 
and uses the GIC information to reserve the selected truftk within the tru.dc group 14: The : 
destination end office 20 (end office B) then checks the called telephp 23 for on- 

hopk and feature support and holds the line, assumiiig the dialed telephone number i$ 6ri^ V 
hooki .The destinatibn^^ applies a ring to the line and ring tbiie to the^ 

selected xtruiik in tfe grpupV W, ±e de?tiMtidu 
dialed telephone number line to the selected trunk in the thiiik group 14, initi^es 
ACM (Address Complete Message) message and forwards it to the signaling tra^ 

18. ■ ' ■■ . ' 

The signaling transfer point receives the ACM message arid forwards it to the : 
originating eiid office 20 that receives the ACM message. The originating end office 20 , 
then connects the calling telephone number line to the selected trunk. Consequeritiy^ the 
caller of the calling number hears a ring tone and the called party at the called telephone 
number picks up the phone. The destination end office 22 detects the off hook on the 
called telephone number 23 and removes the ring tone. The destination end office 22 then 
'initiates an SS7 ANM (answer) to the signaling. traiisfer point 18, The signaling 

: trai?isfer:poip^ the originating ehd office 

20. The prigm end office 20 ri^^ the ANM messiige and starte hec^ 
measuji^ept Xjitimately, the called speaks with the called party. 

Anothef call flow scenarib according to the prior art is now described with reference 
to Fig; 2, Initiaiiy, a caller, e.g., 235-1111 dials aidestiiiation, e.g., 676-2222. the 
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originating end office 20 (end;office A) collects dig^^^^ 

ribiiting tables to' dibtermine w^^ end office handles 676. The originating end office 20 
finds that 676 belongs to*. a destination end office 22 (end office B). End office A then 
locates a direct trunk group 14 to end office B. Assume in this example that no idle trunk 
exist within the direct trunk group 14. Thus, end office A phooses and reserves a first 
tandem trunk group 12; and a .sdected from the first reserved trunk gtoup 12. 
S^iisequently, .fe^ initiate$: an containing the fpllowirig: 

signaling transfer point routing of the tandem; calling ^^^^ called 

telephone number, and trunk identification (CtC) for the selected tnink bS^^^ first reserved 
trunk group 1 2v 

The signaling transfer point 18 receives the JAM message arid forward it to the 
tandem switch 16. the tandem office 16 receives the lAM message and utilizes the QIC . 
information to reserve the selected^ t^ 12. Thetandibm ■ 

office 16 then checks a routing table to determine the destination and reserves a selected 
trunk of a second trunk group 12, which cotiiiects to the destination. Subsequently, the 
taiidem 16 initiates ari SS7 lAM message b the sijgnaling transfer point 18 with the 
following information: signaling transfer point routing address of end office B; calling 
telephone number; pall^^ riuriiber; aad trunk identifi (CIC) for the selected 

trunk of the second th^ 

The signaling transfer point 1 8 receives the I AM message and fpnvardb it to eiid 
office B. End office B receives the lAM iriessa^^ and titilize^^ iiifprmatibn to: 

reserve the selected trunk ohhe second tr^ End office B chfecks whether the 

called telephone number is on-hbok and holds the line, assuming that 676-2222 is bii-hook. 
End office B applies ringing to the line and a ring tone to the selected trunk of the second 
trunk group 12. End office B then connects the line to the selected trunk of the second 
trunk group 12 and initiates an SS7 ACM message to the signaling transfer point 18. 

The signaliiig transfer, ppint 1 18 receives the ACM me3sage and forward it to Jthe 
tandem switch 16. The tandem switch 16 receives the ACM message from the signaling 
transfer point 18 and cohseqiieiitiy, the tandeni switch initiates an ACM message to the 
signaling traiisfer point 18. 
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Tiie signaling transfer point 18 feceives the AGMfiriessag6 aiidTforw^ds itto'encr 
office A. End office{: A rece^ Md cbinnects 235-1 1 1 1 to tiiei=^electe^ 

trunk of the first reserved ttUiik group 12; I^ext, the caller at 235-1 1 1 1 hears a ring tone 
and the caUed parly ia^^ picks up thei phone ^^^^^ ■: ; 

Consequently^ ehd^:i^ Acconiirigly, eiid 

office B removes the ring tone and ttiitiates-ain to the sighalihg^ transfer 

ppint 18. The signaling tr^^^ to the 

tandem switch 16. The tandem switch 16 receives th& A>^ message from the signaling 
transfer point 18 and the tandem switch 16 initiates an ANM message to the signaling 
transferpointiS. : 

The signaling transfer point 1 8 receives the ANM message from the tandem switch 
and forwards it to end office A. End office A receives the ANM message from the 
sigiiding transfer point 1 8 and starts necessary billing measurement. /Finally, the calling 
party at 235-1 nt tdks to the call^^ '■ :S'\:^S^■r:■ 

The current system has disadvantages. In order to minimize.dverf^ ypiumej 
the? size of a ^nk gi^ iieeds to he forecast so that the trtinjc grb^ the 
expected call volume. Then, appropriately sized 
having a dedicated band>yidth. The process of forecasting and^ p^^ 
expensive. Moreover, the cuif ent tnxnking archite^^ 

trunk groiips to link end office^ Because of the large nuniber of end offices that each end 
office mtisit connect with, This fprtn of irunldng leads to inefficiencies due to the relatively 
sin^U size of a significant niunber df the lrun groups. That is, the small size reduces the 
call carrying capacity per truiik and therefore requires a larger percentage of overflow 
trunking. In additiori, the large number of trunk groups requires huge investments in 
hardware and software for systems that keep track of individual interoffice trunks. Further, 
the trunk forecasting and provisioning is necessary for thousands pf individual trunk 
,:■ groups: ■ • . . • "^V--- >V|': • ■ 

The ATM jpomm's ATTOA Group has attempted to sbive tte i)r6^ 
with voice trunking ov^. ATM. the VTO A Grpup - deveiopM a .^bificiilipn for canryirig 
voice pver ATM iii a pnva.te network environment For example, see ATM lEprum 
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Technical Gbrhmittee, "Cirpuit Eiiiulatibn Seiviceinteroperabnity^p^ 
; : 2lQ-' :(Ja^^ allows private businesses to employ an ATM 

.. . het\vork to estab^ voice channels across the ATM network using a protocol, such as 
private network-network interface (PNNI), which facilitates ntioving cells from one poiht; 
5 in the ATM network to another point in the ATM netw^ 

limited to . application within a. private environment, which is not appropriate for 
applications in the PSTN; That is, interaction is not supported with systems that include 
out-of-band signaling, e.g., $ignaliiig System 7 (SS7), which is essential to supporting 
capabilities such as an advanced intelligent network (AIN). 

. 10 Within these private networks, the signaling is typically in-band signaling. Thus, 

no interface with an out^of-band signaling network would be required. Moreover, if a 
calling party within the privaite network would like to contact someone, outside of the 
iprivate network^ tJie balling party ^m^ communicate' over the hormal P'STN, thus leavbg 
tlie^copeof the VTOA : 

15 * ^^^^^^^^^"^/^^ nxiniber 5,483,527 laddf^ tniiiking within theiPSTN^ 

: : The patent discloses a system that interposes an ATM network between two central 
oflHces , Signaling is sent from the central office via a signaling transfer point (STP) to the 
ATM switch. Within each ATM switch, a processing system iis prw for interfacing 
the ATM switch with the STP, Thus, the ATM switches ate ^^^^ be able td . 

20 cdmmuriicdte with the signaling torisfer point, which is a. very expensive procesi 
Furthermore, due to the interface being provided within each ATM s>yitch, the path across 
the ATM network is established relatively slowly, Finally^ the distributed placement of 
the interface between the signaling transfer points and the ATM network hais its own 
disadvantages. 

25 Glossary of Acronyms 

AAL/ ATM Adaptation Layer ^^^^^^^^ 
_ .^;vACM .■■ Address Com^ 

ADPCM . ' Adaj^^^^^ .. . 

ADSL Asynunetric iPigi^l $U^^ 

30 AIN Advanced Intelligent Network / : 
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ANM Answer Message 

ANSI AmeriQan 

ATM Asyhclirbnous Transfer Mode=j 

B.ISUP Brb^dbaiid ISI^^^^ 

5 CAS ■ Chanii^lAssbciated Sigiialm^^^ 

' VBR^ ' '■• ■"■ [ C<ynst^ ^ ^ '-f^'-''. ' ' ' ' ' ' \ 

' CC$ ' :■■ C(nnm6n^ 

CES GircuifiEi^ Service 

CIC Circuit Ideiitificatipn Code 

10 CSrIWF Control and Signaling Interworking Func?ti6h 

DPC:^^^ D^^ 

DSO : Digital Signal Level 0 (64 Kbps digi^ 

■, i)Sl Digital Signal Level 1 (1 .544JM:bps digital signal ^fo 

lAM Initial Address Message 

15 IP '■■toterrietPfbtoc^l-:.. 

^' / isup r\viSDisr.Os^^^ 

20 IXC Interexchange Carrier : 

; OAM&P Qperations/Adniinis^^^^ 

: 0C12 Optical Carrier leveV signal (622 Mbps) 

0C3 . ; ^Optical Carper leve^^^^^^ 

OPC Originating Point Code 

:45 PCM Pulse Code Modulation 

; : , PNNI , Private Network-Netvvorklhterfe^ : ^ 

POts^^:^^^ p 

PSTN ; .Public Switched Teleiihpne Network 

'.S$7 Signaling System 7 ^ 

30 : SSP Service Switching Point; : : 



r 8 - 



wo 99/57851 



Page 11 of 40 



W6 99/57851 ; ; PGir7yS?9/06555 

STP Signafc^ansfe Point . 

SVC Switched Virtual 

TDM Time Division Multiplexing 

T-I^^T Trunk Interworking Function 

5 , UNI User-to-Network Interface 

; VTOA. : Voice and Telephony oyer ATM 

SUMMARY OF THE iNVl^TTfyN ; 
In view of the foregoing, the present invention is directed to providing a 
l b replacement for the ciirrent trunking system operating end offices, as well as 

Accordingly, an Asynchronous 
tanderti switcWng systetn is provided. The system comprises an ATM switohuig network, 
a trunk interworking function (T-IWF) device, and a centralized control and signaling 
.15 : iiito^ The/tmnk int^ 

device is adapted to receive end office V 

channels and convert the? trunks to ATM cells . The centralized control and signaling 
interworking function (CS-IWF) device perfoniis call con^^ functions and is adapted to 
inteiface narrowband arid broadband sighalin^^ ' 

20 : ATM switching network Tlius^^ ATM based distributed virtual taride switchirig 

. \ . : system ;replaces a st^ 
AccorcUngt^^^ 

; .: service; Further, the T-IWF can include ATM adaptation layer 1 (AALli Alternatively, 
: the T-IWF adapts circuit traffic to ATM cells utilizing ATM adaptation layer 2 (AAL2). 
25 . If AAL2 is employed, silence suppression and/or voice cpmpression can be supported. 

According to a preferred embodinlent^ each voice tirunk is setup dynqmicaU^ an 
individud switched virtual c^ M6n?ovei?i thdT^^^^ 

nVF and thb end pffice sw 

According to a prefeired eiiibodiment,^^t^^^ 
30 In addition, the broadband signaling is prefefably PNNI, B-ISUP, and/or UNI. 
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A method is provided for transportitig v6ice from :ari pnginating' locationtoa 
destinatibh across an Asynch^ ; 
transmitting the voice from the prijpiiati%16 to an prijgmatiiig tn^ 
end office switch; converting the originating trunk to ATM c^lls; and 
interfacing between narrowband ahd broadband signalmg for c^U proc^^^^^ and control 
within the ATM network. Moreover, the method iiicludes transtnittihg^^ " 
the ATM cells across; the ATM network utilizm^^ broadband s^ converting tlie 

ATM cells to a destination trunk; and ttiansmittihg the voice from thOds^tiriatipn tniink tp 
the destination. 

According to a preferred embodiment, the transporting is enabled by emulating a 
circuit by employing a circuit emulation service. Further, the voice may be converted, to 
ATM cells utilizing ATM adaptation layer 1 (AALl), Alternatively, 
the Voice may be converted to ATM cells utilizing ATM adaptation layer 2 (AAL2). If 
AAL2 is selected, silence suppression and/pr vpi 

: AcccMrdingtoaprefi^ 
individual switched the ATM nbwpiik: Mb^ 

originating trunk to ATM ci^lls occur? in the t-IWF within an originating end office and 
converting the ATM cells to a destination trunk occurs in the T-lM^ within a destinatipn 
end office.. 

According to a prefeircd embodirnent, the narrowband sigiiailing is SS7 signaling. 
In addition, the broadband signaling preferably is PNNI, B-ISUP, ahd/or UNI. 

According to a preferred embodiment, an Asynchronous Transfer Mode (ATM)^ • 
based distributed vdrhial taiidem switching system isprovided in which a network of ATM- 
based devices is combined to create a distributed Virtual tandem switch. The system 
includes an ATM switching network setup dynamically with individual switched circuits. 
The system also includes a trunk interworking function device and a centralized control . 
and signaling interworking device. The tmiik interworking function cphverts end pffice 
trunks from TDM channels to ATM cells by employing a circuit ehiulation service. The 
centralized control aiid signaling interwprlcing functibn device performs ciU cbntfpl 
fiinctioris and ihterfrices narrowband signaling and broadband signaling fpr call processing 
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and control wthin the ATM swtching M 

virtual tandem switching system replaces a standard tandem sNyitch. 

BRIEF DESCRIPTION OF THE DRA Wtl^flS 
5 : The present invention is further described ih the dcjtdled-descripti^ that fQllp\ys,: • 

: by reference to ihe noted plurajii^ of drawings by- w ; 
preferred embodiments of the 

similar parts throughout several yi^ws dif the drawingsi and in which: 

Fig. 1 shows a prior ait system for commuhidating between eiid ofBces; ' 
10 Figv2 shows a known trunk group architecture; 

Fig. 3 shows a known dedicated out-of-band signaling network associated with a; 
tandem network and exemplary ISUP messages; 

Fig. 4 shows an exemplary architecture of an ATM-based distributed virtual tandem ; 
switchiiig syisteih according to an aspect of the present invention; 
15 : Fig. 5 shows ah exempl^ ; . 

'■■ switching system including an out-of-band signaling netwprk/accprd^^^ asipeCt of 
the'preseritinvention; . ^ 

• Fig. 6 shows ail e^emplaiy trunk g^ architecture accprdmg to aii aspec^^^^^^ , 
; • .. present ,inventiGn;;;and\::'"y . . ; ■ ■ 

20 : Fig. 7; siho^$ an;y^ architecturie fbf an ATM^ased distributed ivirtual 

; tandem-'switching isy$tieih./'^ 

PETAILEP PESCRiPTTON OF THE PREFERRED EMBODIMENT ' 
An ATM-based distributed virtual tandem switchiiig system is provided for 
25 rq)lacirig standard tandem switches and facilitating the reduction of necess^ tr^^ 
without decreasing caU processing volume/ 

Referring now to Fig. 4, the ATM-based distributed virmal .tandem kwitching 
system according to the present inveritiori is described. Originating end office 20 and 
terminating eiid office 22 are similar tp 
30 office^. 10 are typically; Class 5 switohes -such as the SESSv^ailab^^ Lucent 



W09?/5785i ^ ^ ^ Pa ge 14 of 40 



Wd99/57851 PCIVUS99/06555 

Technologies, Inc. of Muniay Hill, New Jeirsey, or the pK4 jTOO Wiif^^ 
Telecom Ltd. (Norfel.i^pt^^^ However, any other Cias$ 5 end officis switch 

may be substituted for the I^ortel and Lucent sw^ Ais6: shown is a sigrialing transfer 
point (STP) 18. The signaling transfer point 18 is well known in the art and may be 

. 5 prpvided, for exatnpie; by Alcatel of • France. The Signaling traii$figr .p^ 18 : 
coEnmiinicates with the ehd offices 20, 22 via SS7 signaiihg a^i idescribed"^a^ An 
Synchronous traiisfe^^ swiibbhing iietw6rk:J26 is als6 provided The ATM 

switches within the iietwdrk can be prpvided by vendors such as, but not Uinited to, 
Lucent, Cisco Systems^ Inc, of San Jose, CaKfomia, or N6^ 

10 A trunk interworking function (TrIWF) device 28 is also provided. Although 

described as a device, the T-IWF 28 can be multiple devices or any combination of 
h2p:dware and software. The T-IWF 28 converts end office 20, 22 voice trunks froniTDM 
channels to ATM cells. More particularly, the T-IWF 28 segments the 64 Kl>p^ bearer ; 
channels into ATM celk 

15:' ;^^^^^^^ Preferably, the^:^^ are distributed throughout the : 

" PSTN with a T-IWF:28 corresponding to each^ 20, 22. Ah exemplary T^IWE 

28 is a Succession l^ultiservice^G^^^ (SMG) 4000, provided by Hortel. However, aiiy^^^^ 
other T-IWF 28 may be employed. 

The ATM-based distributed network also requires a ceritraiized control arid 

20 signaling intenyprking function (CS-rWF) device 30. Although described as a device, the 
CS-I WF 3 p can be multiple dey ices or any combination of hardware aiid software. The 
CS-IA^F SO per^nhs nbcess functions as well ias cohvcirsiqi between a 

najFTOVvband signaling, e.g., Signaling System 7 (SS7), protocol^ and a broadband signaling 
protocol for call processing and control within the ATM network; Preferably, a single CS- 

25 IWF 30 serves all the T^IWFs 28 in a metropolitan area. An exemplaiy CS-IWF 30 is a 
Succession Call Se^ by Nortel,- HoWever^; any other GSrIWF 30 rnay : 

; •v:-be::empipyed. 

: ;t^^ t-l^fl^Z^^ i^^ 30, th^ ATM switching netv^ the 

■ intercohhectm^^^^^ jinks : togetliibr - coih^ the ATMrbased idisitnbuted virtual tandem 
30 switcWng syisitie^te systein is : di$tributed becau$e the tandem fuiibtioiis are carried out 
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in part by this T-IWFs 28 that are located near die end offid^^^ 2D, 22 in a diisffiFuTed" 
maimer, the system is Virtual Because as far 2^. the end ^ 20, 22 are cpncehied, the 
ATM-based distributed virtual tandem switching system is ftinctipnally equivalent to the 
traditional time division multiplexed (TDM) tandem switching system 16. Thus, end 
\ 5 offices 20, 22 require bhiy sli^t (^^^ changes in order tci: utilize, the pr(esfeht 

invention, the viitual aspect also refers to the fact Aat the individual tmhks are ho longer 
DSO time slots that need to be statistically provisidhed: Rather, the trunks are realized 
through dynamically established ATM switched virfuai contiectibr^: 

Deplbyment of the ATM-based distributed virtual tajidem switching systeni allows 
10 an end office 20, 22 to handle normal call volumes while having only one or a few large 
V : trunk groups coimecting to the ATM switching network, thus eliminatihg the need to 
provision separate t|rui^ groups to different destinatibn;;e^^^^ offices. In addition, the total 
: trunking bandwidffi by traffic to W ATM virtual 

connections are provisioned on demand by sigi>alirig> Consequentiy; ban^^^ not 
15 dedicated to any TDM voice channels, between predeterniined^^^^^^^^ 
dynainicaliy shared. >v 

. According to a preferred embodiment, end offices 20, 22 have a single large trunk 
group that connects witii the virtual taiidem switph, although exceptions may exist where 
more than one trunk group is needed, for exaiiiple, if an end office linaits the number of 
20 member? in a trunk group connected to the end office. Conseqiiently, the direct interoffice 
trunks 14 between end offices .10 (shown in Fig: 1 ) £u-e eliminated. 

ThuSj the present invention reducef^^^^^ of trurdcs needed in sin end 

office 20, 22, improves trunk utilization, and reduces or eliminates the task of trunk 
forecasting and provisioning. Furthermore, grow^ in trunking needs by the end office 
25 ; switches 20, 22 can be more easily met because the virtual tandeni switching system of the 
:preseiit invention allows :|c^ ATNf netwoilcsi?: T scalability iis-^ 

; ; ; network's :gjeatQr baiidAvidth and th^^ iietwork's 

statistical niii^^ which more efficiently utilizes existing baiidwidth^^ tiiink 

intetworking flin^ T-IW 28 iis. a device that is preferably located in the same, sthictufe 
30 or building that h^^ More particularly, the TJWF 28 is 
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implemented with one or more physical devices that are external toihe switch 207^X "EuT 
within the same end office that houses the cptre$^ switch(e^ 20, 22. The reason 
for the co-location is that the sooner the TDM trunks are converted to ATM, Uie earlier the 
advantages of ATM statistical multiplexing gam are enjoyed. Because the T-IWF 28 is 
5 physiedly located in ^e cent^^ iiieet the cenirad oifi^ 

envirbnnlental rec^ a jpreferred eihboc^ network <?qiiipment 

• ■' •'.standards .(NEBS) J 

Because ATM is a pafcket priented rather than cirbuit onented technology, ATivi 
must emulate circuit characteristics in order to cMy constant bit rate (GBR) traffic such 
10 as voice. This emulation is referred to as a circuit emiilation service (CES). The T-IWF 
28 converts between the 64 Kbps trunks and ATM cells by employing ^ well known 
method of circuit emulation that is described in "Circuit Emulation Service Interoperabihty 
Specification Version 2.0" by The ATM Forum Technical Committee (January 1997)^ 
which is expressly iiicprporated hereiri by reference in its entire|l^. ; Pref^^^ 
15 . structured digital service level 1 (DSl) nx64 Kbps sisryice de^OT^ 

iiitefopei^ing specification i^^ employed to Cprihect DSl equipment abross ei^ 
■ circuits cfcied on an ATM network. The structured DSl nx64 Kbps circiiit emulation 
• ; system efficiently carries TDM trunks through the A:TM trunking net\yprk. The structured 
. DSl CES requires ATM switches to treat one or mipfe DSOs in a tl circuit as iridividual 
20l ATM virtuad coimectib^^ 

Accordiiig rtp th^ stnictured DSl QES service, each iiitb^ functiph is 
connected to an ATM network 2^^^ via physical ihteffeces. The physical intierfe are 
ATM user network interface (UN physical interfaces that have two characteristics or 
requirements. The first requirement is that the ATM interface provides adequate 
25 . bandwid^ to carry nx64 traffic after segmentatiori. The second requirement is that the 
ATM interface must be able to convey tiniing traceable to 4 pniiiaiy reference source from 
: th^ the inteny to network 

tiifhinjg is riot siippprtfed. The .intferwprking functions Jure also ppiuiept^ed to stahds^^^ 
, cpnstarit bit rate (C;BR) circmt$/such as rad pffice$ 20^ 22. Gonnected in this manner, the 
30 ihterworking functions eixtrad the cpnstai^^ across the ATM network 



wo 99^57851. ^ ^ Pag e 17 of 4 0 

WO:9?/57851 . \ PCnVlJS99/06555^ / 

26 in a: manner trampar^ 
An important fun^^ 

28 is the adaptation of circuit traffic to ATM cells. This Mnctipn is called the ATM 
adaptation. As described above/ when time division miil^^^^^ 
5 , ATM cell^, the 

to opnyerting npn-ATM fpnnatted irifbrm^ size and ^fo For 

. circuit traffic such as vbi^^^ 

can be suitably used are ATM aidaptation layer 1 (AALl) and ATM adaptation layer 2 
(AAL2). However, the present invention is not limited to; A^ 
10 layers that can satisfactorily convert the traffic into ATM cells, such as AAL5, may be 
■■■■/employed. 

According to one pr^fenre^ 
emulation service employs AAL such that circuit traiffi^^^^ constant feit rate 

(CBR) trifiFic 

15 liniite4 to ,^AL1^ other protocols such as :AAi^ to irieorpprate 

: . ■ b2md>yidth sa^^ 

further irnprpve bandwidth effi^ 

AALl has been standardized in both International Telecommunications Union 
: : Telecorrumnicatioh (^^ and Americaii National Standards Ih^itiite (ANSI) since J^ ^ 
2Q . I993;andis prefen:ed for use withci^^^^ : :: > 

: is designed to suppoif COT rate services and allows the specificatibn of peak cell 

tate, cell loss nitioVand cell delay variation. Depending bn implementatiori, the peak cell 
rate bandwidft may be dedicate 
There is a difference-be^^ 
25 cell rate bandwidth is said to be dedicated tp the cpnstant bit raAe service- no otfier services .. 
can utilize any of the constant bit rate's bandwidth^ even if it is not utUized by the constant 
bit rate servicte itself Hdweverj if the peak pelFtate feindwidth giiiira^ to the 
constant bit rate semce, tte 

can be utilized byvo&er; services, so Ibilg a^ the other services agree tb^^^^^^ the 
30 bandwidth wheii the cpnstsmt W^ 
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AAL l introduces additional dielay because each AALfATlSf cpnn^dibn^ 
■ infb^mati6^^■f^^^ a single: user. With Vpifee input ait 64 Kbps, it takes 5:875 
mll^ecprids, or apppxiniately six milUsecond^ payload of an ATM cell. 

Onb alternative^ AALl is AAL2. AAL2 started as a contribution to committee 
jT 131.5, an ANSI sta^^ AAL2 \yas later intipduped tp t^ ITU-^ Stiii^ 

Group 13 on Miay, 1996 uiidei- 1^^ tetripofary^^^'n 

composite user. AAt2 has now beeii definedi^^ Reconuiiendati 

AAL2 enables voice to be carried as vari 
-its delay sensitive likture. AAL2's support foi^ variable bit rate (VBR) traffic alloWs many 
bandwidth saving features, such as voice compression and silence suppression to be ; 
employed. These feitiires are discussed in more detail below. 

AAL2 enables multiple users to share a single ATM connection, while Allowing 
each user to select a potentially different quality of service parameter. The structure of 
AAL2 also.allowsi for the packing of short length packets into oiie or more ATM cells. Iil 

: contrast to AALl,;which has a fixed payload size, a Vanable paylpad withiri 

cells and across cells:.: PTte variable payload provides a idraiiiaiid improvement in 
•bandwidth efficiency of tlie stmctured circuit em^ over AAL 1 , 

An important aspect of A AL2 is the packet fill delay parameter. The packet fill 
delay parameter allpws the: network operatbr -to set a time: period during. Ayhicfc 
iprotocol data units are assemibled and then segh?ehted mto ATM The setting; of this 
parameter allows the.network operator to cont^pl the; cell coristruction delay. This allows 
the Operator to trade off delaiy and bahdwidth efficiency in otdeir to meet the delay 
requirements of sonie Vpipe.cpnnipetions. For example^ for 64 Kbps pulse code modulation 
(PCM) voice to fill up an ATM cell, it takes six niilliseconds AAL2 can reduce this delay 
by half by setting the packet fill delay to 3 milliseconds, which would result in each ATM 
cell payload being half filled. Thus, 50% bandwidth loss is traded for 50% less delay. 

Essentially what AAL 1 or AAL2 iilpw 
through an ATKl network as constant bit rate traffic' pivmab bit rate traffic. If voiCe is 
sent as constant bit rate traffic, then ATM Fdnini's: structa tMl nx(S4 Kbps circulation 

: wnulation service using AAL 1 is employed, if vpicb is sient^ real ti^^ variable bit rate 
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traffic, then AAL2 as the ATM adaptation layer is employed, thus talnig adVjJit^S^of^!^^^ 
mgmy.effidenpY^ 

The ATM network 26 Syill now be disciis^ed. $ rom a physical connection point of 
view, the ATM trunks between Switching offices may be setup with direct point-to-point 
.5 fibers or by means of a synchronous optical network (SONET) riiig. However, logically 
ATM al^)ws.the;inte^ to be setup in nlairr^ di^ Thvik^ withiii the 

: switcinng rietvj^tk 16, drigipiatin^ and 

by nieansofV^ 

AccoTcUng to a prefeired em 
10 , connections (SVC) are provided in which ati ATM switched virtual connection is 
established for each nx64 Kbps call. When utilm individual switched virtual 
connections, the switched virtual connections are d>7iamically provisioned via sigiiiaiin^ ; 
and a peak cell irate is set equal to nx64 Kbps. Ayailable ATM network bandwidth thai = 
would otherwise be dedic^ited tq carrying voice traffic can be litilized by otitier djata 
15 applications pii a dyrianiic basisi; ::Individual /SAvitc^^ virtiial have the 

advanta:ge that they are automaticaUy setup, and on demand prpvisipjiiin^^ in trunk 
bandwidth efficiency. 

: According to another embodiment, a mesh permanent virtual path (PVP) is 
provided. The mesh permanent virtual path establishes an ATM perinahent virtual path 
20 across the ATM tandem network b^^ every two end offices^ Th^^ pOTnanent 
virtual paths are manually proyisipildfi with a peak cell rate equaltdthe si2K of the existing 
fnmk group between t^yd end oiff^ces. ^3 wjii individual sw 
available ATM network biahclwiclth that wdiiid otherwise be dedicaf^d tp carrying voice 
traffic can be utilized by dthfer data applications on a dynamic basis. Among, the 
.25 advantages of the mesh permanent Virtual path are that little; or no signaling is required 
dqiiending upon how mM virtual conhections are used within ttie permaney Virtual paths.; 
That is, all that is required is getting allocated within a path; no setup is required. In . 
: .additioili every erid office perceives direct trunks; with eviery other end office. However, 
" ; : ■ the niesh permanent y path requires tnaiiual provisioning and th^ preallocated and 
30 ^aranteed constirit bit rate barid.width reduced trunk bandwidth efficiency. 
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According to yet another embodin^ent, a star permanent virtual patTi is provBeSr 
With a star penriaineiit virtue path^ a si^^^ 

between each end. office /an^^^^^ The permanent virtual path is 

manually provisioned siich that only one permanent is prpyisioned and a peak 

5 ceil fate is set equ^ to the sU^^ of all the trunks of the end office. As with tlie other two 
systemSj available ATM Baiidwic^^ be dedicated fo 

voice triffi^ caii be irt^ appHdatiOns^ a dyn^iq basis. .Similar to the 

mbsh permanent virtusfl path, star permanent virtual path has the advantage of little of 
iio signaling, depending on if and how virtual connections are used in the permanent 

10 virtual path. Moreover, each end office perceives a single tandem trunk. In addition, 
switch translation is easy because it appears that a single -trunk leaves each end office. 
Thus, all traffic is directed to that trunk group. Hdwevef, tiie star permanent virtual path 
has the drawbacks of liimual pfovisioning,\and preallck:ated and guaranteed constant bit 
rate bandwidth reduces tmnk bandwidth efficira^ 

15 The star peitnaneii^t yirtiial p^^^ and the mesh i)eiTn2ment virm path remove the V ; 

/ : tnajofity of the call setup load froni the^^ s^^ by Utilizing manually proyiisioned ' 
pefnlanent virtual paths, U^^^ virtual cohhection increases pall 

setup load due to the eUmihatidn of direct fi^ is, calls previously using direct 

tfimks wiU now traverse to the ATM tanderr| sWitc^ 

20 : Thefunpti^^ . 
PSTN and broadband s^ Witinn the A^ Twp types pf inferoffice 

. signaling methods are present day hetyi^rks; bomihoii channel sigj^ling 
(CCS) (iwe., narrowband signaling) and channel associated signaling (CAS). CAS is an . . 
older kind of signaling in which signaling information is carried in die same bearer channel ; 

25 as the user information arid is of little concern to the present invention; 

Because the dominant interoffice signaling prqtpcbl cuTtehtl|^ iii -Use is Signaling : 
System 7 (SS7), the CS-I^F 30 is provided for interacting with SS7 and enablirig support 
of SS7 within the ATM network 26. SS7 is a common channel sigiial (GGS) protocol for 
call control infonriatipn, Thie protocol is transported yia a physically separate rietwork 

30 fix>m that of the voice be^ 
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With reference, to Fig. 5, explanation is provided as to hbw the present invention 
Supports the SS7 sigiiding within the ATM network 26 by; pre|erving^ SSf 
: signaling process and the lSUP rhessage integrity. The originating end office 20 sends its . 
IStJP message to the sigiialiiig tiran^^ point 18 as described above. Subsequently, the 
: 5 signaling transfer ppin^^^ to the CS-^IW 

incjpming I^UP message? in^^^^ ?ignaling^^^^ ex^plcj itiie uniq^^^ point 

: : cocies are tri?tnsiated initp ATM dddresse^ Aii: ATM coMection is then established between 
the two T-IW^!?^^ an ATM si^ protbbbl such as broadband^ISpN user piart (S^ 
ISUP) defined by the ITU-T, PNNI defined by the ATM Forum, or UNI 3.0, 3.1, 4.0 
10 defined by the ATM Forum. On the destination side, the T-IWF 28 composes an ISUP 
. message and sends it to the signaling transfer point .18, which then completes the 
connection setup with ISUP messages to the desttination end pfficb 22. 

An exemplary call flow acceding to the present invention is- tiipw described with 
: reference to Fig, 5. After the orijgmating end office creates;: a^^^ the 
15 : originating en4 offipe sends thi^ I 18: The. ; 

sighaUng ti^fer point 18 1^^ 
:- :• aiid die STP). Attbe CS^rWF 30, the ISUP message : 

; is process call contror information is d^^ 28 via the ATM 

^ network 26. Thb CS-W 
20 tnak^dsend^^^ 

routes the ISUP; message to the teritiiriatirig erid office 22. The temjinating end office then : ; 
reserves the corresponds^ P^^^- At this point, an ATM: v^rtu?i cbmection be 
established between the T-tWFs 28 to carry the voice traffic. Thus, tiiie CS-IWF 30 
converts between narrowband and ATM signaling to establish connecti The ATM 
25 : virtual connections are dyn^ically setup by the system via signaling as described above 
with reference to the SVCs. Although. the signal^ prptjqcols tnust be standards based, 
such as AT the; i^act )^ may yaq^^^^ 

Transppitt^ 

in two ways. The ISUP messages can be carried iii the SS7 network Without dhange, or - 
3d the ISUP thessages can be carried in the ATM fietwork iii a: speciai: ATM connectipn. 
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According to a preferred embodiment, the IStiP messages are earned in the SS7 netwoW 
because it simplifies the IWFs resppm 
SS7 signaling network. 

The CS-IWF 30 should have a unique point code/ 
5 pair of CS^IWpSi two point codes rtiay be assigned. Two sets bjFTl ihteffa^es -to a mated 

pair pif signding transfer points should also be provided, in addition, an AtM user - 
to network interface (OHp 

IWF 30 currently supports a iriiriking lietvvork of at lesiisi 500^000 triifiks and is able to 
' connect 3,000 jOOO calls in a busy hour. As new processors are developed, capacity will . 
. 10 increase. 

Preferably, the T-IVifT 16,000 trunks. Simiiar to the 

: GS4WF 30, as new proc : , 

:/ preferred ep^^ 

DS-3, qC-3y and OC-12 on the A 
15 . ; 4^^^ the AT^^i;side. Each caU is carried by an ATM switch virtual 

connection setup via signaling. ^^^1^ 
. That is, the switching function is riot 
From an implemem^ 

separate (as described above in the preferred embodiment), or integrated. If they are 
20 implemented ks separate entities, one CS-IWF 30 may serve one T-IWF 28, or the CS- 
IWF 30 may. qentrally serve mu^ 

: Multiply impiemeri^ for the f-IWF 28. It may be integrated into 

the isWitch 20, 22, iiiay be integrated into an ATM edge switch, or may be provided as a 
stand-alpne speciy purpose device 
25 28: within the^;;A^ edge switch or as a stand-alone requires; jminimum or no change to 
existing switches:20, 22. Preferably, the T-IWF 28 is closely dprlocated wito the switch 
: 20, 22 in the sart^ Office in pidier to maximize tiiinjdng effi ; i 

:^ T^^ . . 

/prinaybe^^ 

30 . IWF 30 can also be , 
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CS-IWF 30 i$ part of the ATM ^^^^^ switch, the ATM edge s witch prelerabfy bperates'Ss' 
an integrated iWF 40, i.e., containing both Ae T-^^T 30. In this case 

because the CS-IWF 30 and the T-IWF 28 are physically integrated into the ATM edge 
switch, they maintain a one-to-one relatibnship. Preferably, die ATM edge switch is then 
co-located with the switch in the end office, According to this enibodiment, the; CS-IWFs 
30 are seen as distributed to e^^ 
Ajccprdiiig :tp; ^ 

employed. Siienc? sui^ressiph i$ a itiecham for saying extra ineMork^b By not 

traiisniitting the pauses in a voice qoriversatidn into the network! Silence suppression can 
be employed on the sender^s end by hot generating voice samples when the speech level 
is below a threshold. With adaptive differe^^^ pulse code hiodiilation (ADPCM) the 
silence suppression results iii fewer bits per sample during speech iiiactivity. Silence 
suppression can be. performed in aii ATM tfunking network, for example, by a voice 
module pii an ATM; edge switch.; ^^T^^ voice module detecte' silenc^ and stops the 
trammissiori of these sil^^^^ 

Silence suppression also suff^ For example, because silence 

suppression removes background noise, a listener^^r^^ think that the line has been 
disconnected \yhen a pause in the conversation occurs. Silence suppression also increases 
the ATM cell construction delay arid adds variability to the deli^^^^ 
should always be di$abled when f^X are detectewi. For the 

silence suppression feature is; riot requiredj however^ the avaiialDility of silence suppression 
does improve the; netw^ 

Voice compression is anpther way of saving network bandwidth. Voice 
compression employs algorithms-^uch as ADPCM to reduce standard PGM 64Kbps voice 
tone to 32Kbps, 24 Kbps, 16Kbps, or even 8Kbps. However, the side effects of voice 
compression a^e degraded voice; q and increased ATM cell cdhstfucjtion delay. As 
■ with silenx^ sujppressi0^ is not required biit may ble. Employed in aii. 

eitibbdiiheht of 

ATM trunking for narrowband services introdtices delay additional to the delay 
caused by transport over the ATM network. The Additional delay is primarily associated^ 
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with buffering -to 
V ceil cpiistiTJctio^ 

when carried by an ATM network are: ATM switch and network transit delay, buffering 
; delay in the A'^^ 

5 %lay . WWle th^ first two types of delay are djependerit on switch design, physibial ; : 
m and trafQc condition, etc./ thb^^ 

employing 1^^^ 

pulse code mbduiated (PtM) Voice, it takeis six miiliseconds to fill an ATM cell with a 
. single voice channel. The total echo path tim thus 12 milliseconds plus additional 
10 transit and buffering delays, For compressed voice, for example 32 Kbps using ADPCM, 
the delay will be doubled to 24 milliseconds because it riow takes twice as long to fill an 
ATM cell with the speech data of a single voice channel. 

In order to counteract excessive delay, appropriate echo control hieasi^^ are 
employed on all speech connections where, end delay is sigiiificant. According to a 
. is - preferred embodiment, a^ active echo control device is e 

exceed the total one way talk of echp transmissibh jpath of 25 niiUiisec 

A call flow scenario according to the present invention is now described with 
reference to Fig. 6. Initially, a calling party 19, e.g., 23 5-1 11 1 diials a destination 23, e.g., ^ 
676-2222. The calling party ^ s end office 20 (end office A^^m^^ the jdiajed digits :. 
20 corresponding to the called niim 

that IS comeqted to the dialed destih^^ 

(end office B), end office A finds a trtink (e.g., tnirik 6) cbrinecting to eiid office A=s T- 
iWF 28. Assuniing that the tnink is idle, end office 

End office A then initiates an SS7 lAM message containing, among other 
25 information, the following: signaling transfer point routing address of the CS-IWF 30; 
: O calling telephone number; ieailed telejihone numb^^^ md trtihk identification (GIC:) for 
: ;trunk6. ■". ; Afferthesign^ 1 8 receives tt^ 

j-'r . iraiisfer point is; f^ the mes&age b the CS-lWF 30; The^^ 30,based oil the 
^ calling telephone number^ identifies ffi^^ T-IWF 28 (T-lWF A) With its ATMV 

30: ■■: addnsss or other identifier The CS^IWE 30 then sends tke CIC to %IW¥ A via an ATM = : 
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message through the ATM network (i.e., in^band signaling). The CStHVP 3{J, baseJ on . 
the called telephbne nuniber, identifies the destination T-IWF 28 (T-IWF B) with its ATM 
address or other identifier. The CS-IWF 30 then sends a request to T-IWF B for an idle 
; trunk, via an ATM connection (i.e., inband signaling) in the ATM network 26. 
5 T-IWF A redeiyes tjie message firo^ 

detennines the cpitesponding PSO ch^^ 

a recjuest from the CS-rlWF 30. = Accordingly, T-IWF B find^^^ pSO channel on its 
line interfaces and res^iyes it, e.g., tnirik 35. T^lWF B determines the CIC ibr this DSQ 
and sends the GIC tp the/CSrlWF 30 via an ATM message. 
10 The CS-iWF 3d receives the message from T-IWF B and sends an lAM message 

to the signaling trmsfer p^^ 
signding transfer point routing address of end 6f^^^ 

telephone number; and trunk identificatidn (GIG)* The signaling transfer point 18 rebeiyes 
the lAM message 4nd forwards it to en^ 
15 End office Bfeceives the lAM message and uses tibe received GIG to rese^^^^^ 

bortespondirig tninikj tnink 35, End office B checks the called felephone nuihber for ori- 
hook and acti ve call features. End office B holds the line, applied ringing to the line and 
; : aring tone to trunk 35 (assuming that 676-2222 is on-hook). End office B then connects ... 
the line to trunk 35 and initiates an SS7 ACM message to the signaling transfer point 18. 
20 The signaling transfer point 18 receives the ACM message and forwards it to the 

GS-IWF 30. men GS-IWF 30 receives the ACM message^^^^ 30 sends the 

messa^^ to T-IWF A, requestiiig that t-IWF A establishes ail ATM ^^c with T. ■ 

IWF B or vice? viefsa. That is^ T4WF B caii est^lish a cormectipn w ■ 
. In reisponse to the received message^ T-^IWF A establishes 'a 64lCbps CBR . 
: 25 connection wiih T-fWF B. TirlWF A also maps the appropriate P$6 to the piitgoing 

S^^ 

virtual connectid^^^^^^ After the connection is established, T^IW^ 

A sends an ATM message to the CS-IWF 30, indicating tfie establishment of the ATM 
V-; cohnectipnv ' 

30 : The CSrlWF 30 receives the message fix)mT-IWF; A arid the GS-IWF 30 sends an 
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ACM message to the signaling transfer point 18; The sig^^ transfer point 18 receives 
the ACM miessage and forwards it to encl office A. End :.office? A receives the; ACM 
message fr(OT the signaling^ to^ cbriiiects 235-11 1 1 to trunk 6. 

Consequently, the palling party 19 at 235-1 1 11 hears the ringing tone; When the 
destination 23 at 676-2222 picks up the phoke^ end office B detects the dffilwQk and 
removed the nngihg )^ 

;traiiisfj^ poirit 1 8; tlie si^ tmnsfer point 18 receives theiANM mbssage' and 
. it t^^^^ th^ C5^IWF 30 receives the A)^ from M signaling 

■ transfer point 18 aiidinitiates an ANM message to the signding tra^^ 
The sighaimg transfer point 18 receives the 
and forwards it to end office A. End office A receives the ANM message from the 
signaling transfer point 1 8 and starts necessary billing measurement Finally, the calling . 
party 19 at235;.lll 1 talks to the destination 23 at 676-2222,. 

The present iriventipn thu^.alldws.for.savings in three broad categories: end office 
trunk termination reduction and/br gjrowth offsets, bandwidth reduction on transport 
facilities asisociated with end office trimk teim^ reduction^ aftd adniih^^ 
associated with trunk fbrec^tiiig and trunk record keppingv : ■ 

The use of large trunk groups according to the preseM^^^^^ an 
increased carrying capacity that results in a reduction in end office trunk unit requirements. 
The reduction allows for a decrease in; capital outlays for trunk to^ allows for 

more rapid response to the increasing trunk requirenients bfdiigiif about by iiew trafiBc. such . . 
■'^ asTnternet access traffic 

Bandwidth redtictio^^^ facilities also pccuris beckuse ctirreiit interoffice 

trunks utilize bandwidtfi whether the trunk is in use or not. The present inVerition permits 
trunks to utijize band>yidtii on franspdrt facilities only when the trunk is in use. When the 
truiik is idle, rio bandwidth on the transport facility is required. During low traffic periods 
such as late evenings and early mornings, available bandwidth on the transport facilities 
could increase in excess of 50%. Consequently, the baridwidth is available for otiier: 
applications, such as data or file transfers, 

Adrnihistrative savings kre realized in tWo areas, tnirik forecasting arid trunk record 
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keeping; TTie nature of trunking today reqm^^ 

for systems to keep track bf indiviidual interoffice trunks. Th^e jjresent invention negates 
the need for such detailed record keeping by individual trunk because the trunks are 
virtual/Therefore, individual -t^ 
5 . in progress. Gonsequentlyi;: te^ recofdsi ori^ inteipffice truhkS: can bie . 

driastica.lly redu^^ 

Trunk foirecastiiig and provisioning for thousands of indiyidual trunk giroups can 
. be reduced tb just a few trunk grouj)s per end office. Call loads for the end office can be 
used to forecast trunk reqiiireinents rather fliaii individual trunk and trunk group 
10 measurements. Data cpllectiori can also be siii^^ 
data needed to accurately measure of^ 

According to another embodimeirti the Class 5 fe^^ 
IWF 30. Further, a switch management $ystem may^^b^^^^ 
: peiripherals arid dp. vaU QAM&P .(operations, ;adnuni$tratiQri^. mainten^ce,,; ^ 
15 : proNTsibriin^ Th^ sydtchinanage^ 

lincsetups." . 

The present invention has utility in many ehyif pnnlents other th^m tandem. switching 
systems, such as a wireless environment and a 

wireless services, a T-IWF can be placed in the mobile switching center to convert the 
20 trunk traffic to ATM traffic and send it to the ATM-based virt^ 

IWF may operate with asynimetric digital subscriber lines (ADSL) by hostihg the digital 
y s^^ 

The present invpntioii also applies to im^ Tlie priesent 

inventibri facilitates a m^pre efficiCTt way of canyiiig/dikl up internet connections. 

25 Currently, an Internet user ^ically accesses the Internet by connecting to thei Intemet 
semce provider via a d^^ style of conrieptteii c feSoiutieS iii the 

PSTN network just like a reg;uiar voice connection, How^ever^ unlike a voice connection, 
a modem connection carries bursty data with Internet Protpcoi (^^ packets/ It is wasteful ; ^ 
forbursty data to be carried by TDM circuits. T^^ > . 

30 implement a modem pool that tenniiiates the dial up connections arid converts them to 
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ATM cormectipns. These ATM Qonnectipns can be ctoied by th^ ATM network itoii 
respective Internet seiVice providers, Depending on the Internet seryiee providef^ ability 
to receive ATM connections, these connections may be deUvered to th^^ 
provider as ATM, or be converted back to IP packets;. The modem temination capability 
pii the T'^IWF helps make more efficieniuse of jfesoiirces by c^iym^^ Internet 

■ ibraMb a? data traffic using ATM cpriiieitipibsi 

The present inventipri also ai)plies to broad band: advanced iiitelligent netwpi^^ 
(AIN). The CS-IWF is aii ided/^l^ce for broad band advanced inteUigent. network 
capabilities to reside. Keeping the CS-IWF as a central point of intelligence with an ppen 
interface allows new services and capabilities to be developed and deployed in the entire 
■.network very quickly. 

The present invention also has applicability in provisioning le^ed private lines.(i.e., 
High Cap circuits). Provisioning leased private lines in today's netw^^ 
.and erfpr prone process. Using the prpppsed ATM lietwc^rk, much of tiie (bpmplexity and 
pi^isipnihg can be-eliminated, owing to At cjaiwbil|ty of aoito^^ setting up 
connections via signiliiigw: Only the tail icircuitsi at llie-idid points n^^ 
provisionecl and maintained. ; 

Ihterexchange caitier rietworks may: also take adyantagei of the present invention; 
For end offices having trunks to an ihterexchange carrier (IXC) network, the DCC. trunks 
remain time division multiplexed and unchanged. End offices not having direct trunks to 
the interexchange carrier nietwork can choose tb Utilize either the time division multiplexed 
tandem network or the ATM band system to carry their traffic to tfie interexchange 
earners. If the ihterexchange carrier triiiiks are carried by the ATM tanderri network, a T- 
IWF will need to be placed at the interface between the local exchange carrier and the 
interexchange carrier networks to act as a gateway. For the ATM-based system, a similar- 
t-IWF is providedi at the interface betweeri the local exchange carrier and: the 
interexchange carrier network to act as a gateway. Further^ the T-IWF may be provided 
with the ability to terminate trunks froin an interexchange carrier, The T^rWP also ensures 
that biiling is done correctly. This arrahgeriieht applies not only to interexchange carrier 
switches, but also to s>yitches owned arid :bperated by independent local telephone service 
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providers or competi.tive local exchange carriers. 

Although the invention with reference to several exemplary 

embodiments, it is understood that the words that have been used are words of description 
and illustration^ rather than words of limitation. Changes may be made within the purview 
5 • . of theapjpendedc^^^^^ 
' : ; scope aild spirit of the in^ 

with reference to particulaf means, ^ m^ and ehibodiiiiein^^^^ not 
. intended to be limited to the particulars disclosed all 
fuiictionatiy equivalqat struc 
10 appended claims. 
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WHAT IS CLAIMED: ; 

1 . An AsyridMphptais TraiiSfer Mode (ATM) based distributed virtual tandclrn : 
Switching system, comprisiiig:' 

ah ATM switching nbtwpA^ 
5 atmnkinterworiatigf^ 

voice trunks from TDJ^ (jhaiinieis arid cdrivert the triirilcs tq aii4 ■ • 

a centralized co^ 

performs call control fM^p^^^ and is ada^iifed fo infeVf^^ ^nd bro^dbMid 

signaling for call processing: and control witkiii the ATM switching ne^^ 
10 2. The ATM based distributed virti^lto^ 

wherein the ATM based distributed virtu tandeni switching system is adapted to 
comprise a virtual switch in a PSTN. 

3. The ATM based distributed virtual tandem switcMng system 
theT-IWF comprises a circuit etnulation service. " 
15 ; 4. The ATM ba^ 

: : y:. , ;.the T^IWF ■comprises- A^ ^iilptationlaye^ 

5 . The ATM based distributed viiliid 
vthe TrIWF CMi^prises adaptation layet 2. 

6. The ATM based distributed virtual tandem switching systeni of claim 5, in which 
20 at least one of silence suppression and voice compresd^ 

7. The ATM based distributed virtual ta^ in which 
the T-IWF and the end office switch are positioned at the sanie location; ^ 

8. The ATM based distributed virtual 'taridem switchirig system of claim 1 , in which 
each T-IWF fias%own CS-I^^^ 

25 ... 9. The ATM based dis|tributedy 

the nOT0\yband s^ 

: \ 10. The A^ based disinbuted virtual tahdein switching system of claim 9, in 

: vw^^ 

■11. The ATM bas^ 4istribute^^^ tandem switching system of claim 9, iii which the; 

30 :. : b^ 
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12. The ATM based distributed virtu^^ tandem switeHin^ ^ystenTofciainl 97m 
broadbajid signaling is 

13. The ATM b^ed distributed virtual ^te^ of claim 1 , in which each 
voice trunk is setup dynamically as an individual switchisd virtual cbnne^^ in die ATM 

■ 5 switching network, - . ■ 

14. Amethdd for traiispdrting voice^fr^ 

an Asynchronous Transfer M^ network, the method comprising: 

transmitting the voice 
end office switch; 
10 converting the originating trunk to ATM cells; 

interfacing between narrowband and broadband signaling for ca^ processing and control 
within the ATM network; - . y ; 

transmitting the voice within the ATM- cells across the ATM network utilizing the 
broadband signaling; 
15 converting the ATM ceUs to a destination trun^ 

traiismitting the Voice from the destinal^^ 

15. The method for transporting voice ac^^ 
; is enabled by emulating a circuit by emp^^ 

16. The method for t|^ tiito lSn 
20 conybrted to ATM cells utiU^^ 

17. The method for transportmg voice acco^^ 
converted to ATTVl cells utilizing A 

. 18. The method for trans^^^ 
silmce suppression a^ 

25 . V9. The liiefjtidd fo voice according to claim 14, -iri; which each voice trunk 

issetup dynaniically 

: 20^ The m^hod for transporting voice according to claim 14, in which converting the 
ongina^iihg. ih the T-IWP Wifliin aiiibn office and 

converting the ATM cells tp a destinatipn trunk occurs iia the t-IWF \yithiri i dfestination end 

30.^:-o;office;.:,/ "v"; .■. ; 

21. the method for transporting Voice according to claim 14, in which the namw^ 
sigi^ulg is SS7 sigrialu^^ 

22. The .iiieth^ voice according to claim 21, in which the broadband 
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signaling is PNNI. .: 

23. The method for transporting voice acco^^^ 
signaUng is B-ISUP. V 

24; The method for transport^^ 

■ -5 /.signaUng is XJMi;-;;V;^ 

25. An Transfer Mgde (AT^ distributed yirtud tandem switch 

v ; system in >yhic^^ network of ATM-based devi^^^^^ to create a distributed virtual : • 

tandem switch, th^^ 

an ATM switching ri^twbrk that dynamicaUy; s^^^ up individual svydtchk virtiii^^^ 
10 connections; 

a trunk interworking function device that converts end office voice trunks frpm TDM 
channels to ATM cells by employing a drcuit emulation 

a centralized control and signaling intenvorking fiiri 
functions and interfaces narrowband signaling and broadband signalirig; for. call processing and 
15 control within the ATM switching netwipfk; 

wherein the ATM based distributed virtual tarideni switchmg system is ^^^^ . 
. comprise a virtual switch in a PSTN. 
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